Introduction
Lithuania, a country of 3.3 million in Northern Europe, lies on the eastern shore of the Baltic Sea, north of Poland, south of Latvia, and west of Belarus. It regained independence from the Soviet Union in 1990. Having a per capita gross national income (GNI) about one-quarter that of the United States, Lithuania is classified by the World Bank as an upper middle-income country (1) . As with the United States, Canada, and the countries of Northern and Eastern Europe, coronary heart disease (CHD) is the leading cause of decreased life expectancy among middleaged Lithuanians (2) . Preventing chronic disease through lifestyle improvement is a priority in Lithuania, but privatization of health services, coupled with health care costs that are growing at a rate far greater than that of the GNI, could divert resources from disease prevention (3) . Because prevention programs compete with treatment programs
The Predicted Impact of Heart Disease Prevention and Treatment Initiatives on Mortality in Lithuania, a Middle-Income Country for scarce resources, policy makers need evidence that allocating resources to disease prevention programs will have the greatest effect on the population's burden of disease (personal communication between Lithuanian Minister of Health, Raimondas Šukys, and Vilius Grabauskas, November 9, 2010).
To document the potential impact of public health and clinical intervention strategies, we used a model that accounts for the entire population and is relevant to both public health and clinical interventions (4) . With this model, we can evaluate existing or proposed interventions at any point along the heart disease continuum, from prevention of risk factors to treatment of advanced disease. In this article, we report the expected impact of interventions that are currently available or might be developed to prevent and treat heart disease for the Lithuanian population aged 35 to 64 years.
Methods
We used the 2007 register of the Kaunas University Hospital Department of Cardiology for medical care data for hospitalized patients. Kaunas University Hospital, a facility with approximately 2,000 beds, is the teaching hospital for the Kaunas University of Medicine. Lacking Lithuanian data, we used data from the United States to estimate service-delivery rates to ambulatory patients (4) . The Kaunas Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) research protocol was approved by the Kaunas Medical University institutional review board.
Our model divides the population into 3 prevalence pools: people with no apparent heart disease, people with symptomatic heart disease with a left ventricular ejection fraction (LVEF) greater than 35%, and people with symptomatic heart disease with an LVEF of 35% or less (4). This division takes into account the marked differences in mortality among the pools and acknowledges that different types of interventions are most efficacious in each of the 3 pools.
We categorized acute cardiac events as out-of-hospital cardiac arrest, acute or emergent events, and disease discovered in the ambulatory setting. We subdivided acute/emergent events into acute myocardial infarction with ST-segment elevation (STEMI) on electrocardiogram (ECG), acute heart failure with an LVEF of 35% or less, acute myocardial infarction without ST segment elevation (nSTEMI) on ECG, and unstable angina or other acute cardiac events. The model can account for any intervention that would be directed at anyone in the population who is at risk for heart disease, has stable chronic heart disease, or is experiencing an acute event, because each person must belong to 1 of the 3 pools, and all types of acute events are subsumed under the 3 broad categories of acute events.
We selected the number of potentially postponable deaths (PPD) as the outcome of interest for this analysis. A similar outcome has been used to estimate the source of the change in death rates from heart disease in the United States and several other countries (5) (6) (7) (8) . In this analysis, we calculated the number of deaths that can be prevented or postponed by improving risk factors or care as follows: PPD = (expected mortality reduction when the intervention is implemented) x (mortality rate) x (1 -current implementation rate) x (number in population).
The analysis used the cumulative-relative-benefit approach of Mant and Hicks to calculate the joint effect of simultaneous interventions (9) . This model has also been used to estimate the potential impact of improving care in the United States (4, 10) .
In our analysis, we used mortality from all causes, for several reasons. Most intervention trials report outcomes in terms of total mortality. Reducing the burden of heart disease risk reduces total mortality and deaths from other chronic diseases, and using total mortality as the endpoint eliminates the possibility that an intervention simply results in death from a different cause rather than reducing the probability of death.
Prevalence and mortality data
We used the Kaunas Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) registry to estimate the prevalence of heart disease, and we used the Lithuanian death registry as the source of death rates for the subpopulation without heart disease (11). We did not have access to accurate all-cause mortality rates for the subpopulations with symptomatic heart disease with an LVEF greater than 35% and symptomatic heart disease with an LVEF of 35% or less. Therefore, we used the mortality rate ratios from Olmsted County, Minnesota (12, 13) . We estimated that the risk of death for people with heart disease and an LVEF greater than 35% is 2.84 times the risk of death for those without apparent heart disease, and the risk of death for people with heart disease and an LVEF of 35% or less is 11.02 times the risk of death for those without apparent heart disease.
We used published reports from clinical trials to estimate what the 1-year case-fatality rates for acute events would have been without the provision of modern treatments. On the basis of an epidemiologic observation (13), we estimated that the LVEF is 35% or less in half the cases of heart failure.
Risk factor data
We used the 2001 Lithuanian MONICA registry risk factor data for the analysis (14) . At least 200 men and 200 women had been screened in every 10-year age group (35-44 y, 45-54 y, and 55-64 y). The response rate for the survey was 62.4%. The register contains data from 625 men and 778 women. The survey included physical measurements (blood pressure, height, body weight, and hip and waist circumference), blood samples for serum cholesterol levels, and face-to-face interviews by the research staff for information on smoking.
Smoking
The MONICA smoking questionnaire included questions about smoking behavior (regular smoker, ex-smoker, never-smoker, occasional smoker), type of tobacco smoked (cigarettes, pipe, cigars), and number of cigarettes smoked per day. Participants who smoked at least 1 cigarette, cigar, or pipe per day were considered regular smokers.
Blood pressure
MONICA uses standard mercury sphygmomanometers for blood pressure measurement. Blood pressure (BP) was measured from the right arm of the subject after 5 minutes of rest in a sitting position. The fifth phase of Korotkoff sounds was recorded as diastolic BP. The mean of 2 readings was used. Arterial hypertension was defined as a systolic blood pressure level greater than 140 mm Hg, a diastolic blood pressure level greater than 90 mm Hg, or both. Participants who had taken antihypertensive drugs in the last 2 weeks were classified as hypertensive regardless of their blood pressure level.
Sensitivity analysis
We used 95% confidence intervals, when available, to define a plausible range for the estimates of mortality reduction attributable to an intervention. Otherwise, we used ±20% of the expected value as the plausible range. For the plausible range of the current level of implementation, we used ±20% of the observed value. For estimates of the number of deaths prevented or postponed, we defined the lower bounds of the plausible range by the following product: the lower bounds of the estimates for the population size, expected mortality rate without intervention, and expected effect of the intervention and the upper bound of the current rate of intervention. We defined the upper bounds of the plausible range of deaths prevented or postponed by the following product: the upper bounds of the estimates for the population size, expected mortality rate without intervention, and expected effect of the intervention and the lower bound of the current rate of intervention.
Because we provided the plausible range for each of the values used in the calculations, the reader can estimate the impact of the achievable level of implementation. For example, the PPD associated with adequate physical activity is calculated to be 303.6 (Table 1) . If the reader were to believe that the prevalence of physically active individuals could be increased by only 20 percentage points rather than 81 percentage points, the new PPD would be 303.6 × 20/81, or 75.0. This PPD can be compared with the PPD for any other intervention. For example, the maximum plausible PPD associated with increasing the rate of primary angioplasty for all patients with a STEMI is 11.6 (Table 2) .
Results

Prevalence pools
A Lithuanian population of 100,000 adults aged 35 to 64 years would comprise 92,842 people (95% CI, 91,410-94,274) with no apparent heart disease, 5,516 (95% CI, 4,413-6,619) with symptomatic heart disease with an LVEF greater than 35%, and 1,642 (95% CI, 1,314-1,970) with symptomatic heart disease with an LVEF of 35% or less. We calculated that, during 1 year, 1,112 (95% CI, 876-1,355) people without apparent heart disease, 188 (95% CI, 120-271) with symptomatic heart disease and an LVEF greater than 35%, and 217 (95% CI, 139-312) with symptomatic heart disease with an LVEF of 35% or less would die.
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.
Acute events
We calculated that, in a given year, 168 people would have an out-of-hospital cardiac arrest, 152 would have a STEMI, 207 would be hospitalized for acute heart failure with an LVEF of 35% or less, and 233 would have an nSTEMI. Along with these events, 1,893 people would be hospitalized for unstable angina, and 253 would receive a new diagnosis of heart disease in the ambulatory setting ( Table 3 ). The events associated with the greatest number of deaths during the ensuing year would be unstable angina followed by out-of-hospital cardiac arrest.
Interventions in the prevalence pools
Among the 5 interventions associated with a lower risk of death or known to reduce death for people without apparent heart disease, the largest PPD is associated with population levels of adequate physical activity ( Table  1 ). The analysis predicts that 556.3 deaths are potentially postponable if all 5 interventions were implemented simultaneously.
As with people without apparent heart disease, the largest PPD for patients with symptomatic heart disease and an LVEF greater than 35% is associated with physical activity. The composite PPD for this population pool is 114.8. The largest PPD for patients with symptomatic heart disease with an LVEF of 35% or less is also associated with physical activity. This PPD is followed by the PPD associated with device therapy, smoking rates, and use of spironolactone, a drug used to prevent sudden death in patients with cardiomyopathy. The composite potential PPD for this population pool is 165.6. The number of potentially postponable deaths for people with stable heart disease is 280.4 (plausible range, 90.8-521.8)
Interventions at the time of acute events
On the basis of the assumption that community-wide placement of automated external defibrillators (AEDs) with bystander training does not exist, the PPD associated with bystander training and public access to AEDs is 7.0 ( Table 2 ).
The largest PPD for patients who experience a STEMI is associated with the rate of primary angioplasty, followed by abstinence from tobacco. The composite PPD for STEMI is 8.6. Among the 7 interventions that have been shown to reduce mortality in patients hospitalized for heart failure with an LVEF 35% or less, the largest PPD is associated with cardiac rehabilitation followed by the use of statins. The composite PPD associated with this acute event is 16.5.
Among the 8 evidence-based interventions used to treat patients with an nSTEMI, the largest PPD is associated with immediate revascularization, followed by abstinence from tobacco. The composite PPD for nSTEMI is 11.2.
Among the 7 evidence-based treatments used to treat patients hospitalized for unstable angina and similar conditions, the largest PPD is associated with cardiac rehabilitation and smoking cessation. The composite PPD for unstable angina and similar conditions is 82.7. The combined PPD for all hospitalized patients is 119.0.
Among the 6 evidence-based interventions used to treat patients with heart disease discovered in the ambulatory setting, the largest PPDs are associated with prescription of beta blockers, followed by cardiac rehabilitation and smoking cessation. The composite PPD for heart disease discovered in the ambulatory setting is 3.5.
Sensitivity analysis
The results of the calculations did not substantively change when we varied the size of the population pools, death rates, efficacy of intervention, and the current rates of intervention. The upper bound PPD for acute events (305.1) was less than the lower bound PPD for the prevalence pools (373.1). The upper bound of the PPD for immediate revascularization of all patients with a STEMI or an nSTEMI was 27.3. The lower bound of the PPD for dietary change (54.7) is twice this number, and the lower bound of the PPD for adequate physical activity is nearly 7 times this number. This means that, if dietary change were only as effective as the lower-bound estimate and only half of the population adopted an adequate diet, dietary change would still have the same population impact as immediate revascularization for all patients with STEMI or nSTEMI under the most optimistic assumptions about revascularization. By far the greatest opportunity to reduce mortality lies with improving risk profiles and care for people in the 3 prevalence pools (Figure) .
Discussion
Our analysis indicates that interventions that would
increase adoption of a low-risk lifestyle (not smoking, eating adequate fruits and vegetables, consuming foods high in omega-3 fatty acids, and obtaining adequate physical activity) and treatment of hypertension among people who are not known to have heart disease could potentially postpone more than one-third of all deaths in the Lithuanian population aged 35 to 64 years. Improving the delivery of care and improving lifestyles for ambulatory patients with heart disease could potentially postpone nearly 20% of all deaths. Optimizing care for people experiencing an acute event or with newly diagnosed heart disease could potentially postpone 8% of all deaths at most. Less favorable assumptions about prevalence, efficacy, mortality, and the ability to produce lifestyle changes do not substantively change the results. Risk-factor prevention and control and attention to improving ambulatory care for patients with heart disease is the strategy predicted to prevent or postpone the most deaths in the population; fewer than 10% of all deaths can be prevented or postponed by further improvements in care for patients hospitalized with heart disease.
This study has several limitations. Perhaps the most substantial is the lack of data specific to the Lithuanian population. Although the risk-factor data are highly reliable because they are based on carefully collected MONICA data, the only ambulatory care data available to us were from the United States. Clearly, Lithuanian data or data from a similar European state would have been more appropriate. Limiting the analysis to adults aged 35 to 64 when the highest mortality rates from heart disease occur in an older population segment is another limitation, but neither risk factor nor clinical care data exist for the older population. These shortcomings could all be corrected with more complete data from Lithuania; because the analysis is driven by an Excel spreadsheet, it can easily be updated with data from Lithuania or any other population. A more challenging shortcoming is the unknown extent to which newly developed interventions can lead to healthier lifestyles. Given the magnitude of the effect of lifestyle changes on death rates, interventions that would produce even modest movement toward healthier lifestyles would have a large effect on mortality.
Although the number of clinical trials to prevent and treat heart disease is very large, head-to-head comparisons of the expected effects of different interventions that address the burden of heart disease are nearly nonexistent. Using methods similar to those used in this analysis, Capewell et al calculated the expected impact of treating more people for coronary heart disease (10). However, their analysis addressed only medical and surgical interventions and limited the endpoint to death from heart disease rather than total mortality. An analysis that uses disease-specific death rates as the outcome variable underestimates the impact of risk-factor change. One of the authors of the current analysis (T.E.K.) published an analysis of the predicted effectiveness of various interventions if applied in the United States (4). As might be expected, the results were similar to those of the current analysis, because both reports used the same intervention data, and the major burden of disease in both countries is chronic disease.
The implications of this analysis extend beyond the borders of Lithuania. Cardiovascular disease -heart disease and stroke -is the leading cause of death in the world, and high-tech approaches to the problem are being aggressively marketed worldwide by technology and pharmaceutical companies. Particularly when specialist physicians are also advocating for large investments in high-tech solutions by pointing to improved outcomes in individual patients, policy makers may find it difficult to resist their arguments for large investments in medical technology and devices. We hope that access to analytic methods like the one used in this report can help make policy decisions more rational, evidence-based, and beneficial for population health.
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